Introduction
The University of Connecticut's Quantitative Learning Center (Q Center) is a resource to elevate the proficiency of students taking quantitative intensive (Q) courses across the undergraduate curriculum. The Q Center provides direct assistance to students via peer tutoring in most lowerlevel Q courses in math, chemistry, physics and statistics. It also assists faculty in incorporating best practices in their teaching and serves as a clearinghouse for information about Q resources and discussion of Q issues within the university. Additional information that supplements this case study is available at the Q Center's website: http://qcenter.uconn.edu/.
UConn is the state's flagship public research university, enrolling a total of about 30,000 students in a wide variety of programs across several campuses. In 2013, the main campus in Storrs had about 18,000 undergraduates; the number of entering freshmen was 3755, after many years of being around 3200, with occasional surges. The nature of the institution (large and research-focused in contrast to smaller or teaching-focused) leads to some noteworthy differences in the challenges faced by those running the Q Center, to be described in Section 6.
The need for a Q Center at UConn came out of general education requirements (from 2004) that all undergraduates pass at least 2 writing-intensive (W) courses and 2 quantitatively-intensive This material is based upon work supported, in part, by the National Science Foundation under Grant DUE-1255945. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation (Q) courses. University committees determine which courses qualify for the W and Q flags based on standard criteria. W courses must require students to produce and rewrite at least 15 pages and the course size is capped at 19 to allow instructors to give students more personal attention.
Q courses have no such cap and are frequently taught in large lectures of up to 350, sometimes (but not always) with smaller breakout recitations. The main litmus test for such courses is that (high-school) algebra is an integral part of the course and used throughout. Technology is explicitly mentioned as an allowable tool but not one that should substitute for understanding since merely feeding data into a canned program and reading the results is considered insufficient. More details are available at http://geoc.uconn.edu/quantitative-competency.
The new Q requirement expressly calls for the existence of a university-wide Q Center, which had not previously existed. A writing center had already existed as a unit of the College of Liberal Arts and Sciences (CLAS) (as at many colleges around the country). Starting in 2004, the Writing Center was organizationally relocated to become a university-wide unit, and the Q Center was created.
Center Organization & Services
The Q Center is part of UConn's Institute for Teaching and Learning (ITL), which provides various types of support for students and faculty. In the past, the head of ITL reported directly to the vice-provost for undergraduate education and instruction, who reported to the provost. More recently, an organizational change, merging ITL with the college of continuing studies and some other student support services, resulted in the creation of a Center for Excellence in Teaching and Learning thereby adding one more layer of administration. For simplicity, this report describes the Q Center as it existed from its inception in 2004 through 2012, during most of which time the author served as its director.
After the initial build-up, the core Q Center staff consisted of a director and associate director (each half-time), a part-time assistant director who mostly developed and maintained the IT infrastructure, and a program assistant who varied between half and 80% time. The director and associate director were also half-time tenure-track faculty members in the department of mathematics. The term "GAs" refers to Graduate Assistants working as supervisors in the Q Center. GAs are generally hired from various Q departments, sometimes as half of their appointment (10 hours/week), sometimes as their full appointment (20 hours/week). The term "TA" refers to
Q Center History
Teaching Assistants working within their own departments, not for the Q Center.
Peer Tutoring
The main service provided by the Q Center is free, on-demand, drop-in peer tutoring for many Q courses, particularly those taken by the majority of students to satisfy Q requirements. The center is typically staffed Monday-Thursday from 11a.m.-11.p.m. and Sunday 1-11p.m.. Occasionally, in lean budget years, the number of hours on Sundays and mornings might be reduced. At any given time there are typically 7-14 undergraduate tutors on duty, supervised by two graduate students (GAs) in Q departments. A glance at the schedule in Figure 2 helps to orient the reader to the scope of the operation. GAs, "Q Center Supervisors", are listed by their full names at the top, tutors by first name and last initial, followed by the receptionist on duty. Color versions of this schedule for various semesters are available on the website (in the "archives" section) and display snapshots of the overall operation as it changes over time.
Although frequently requested, the center never offers one-on-one tutoring. Instead, tutors roam from student to student, provide bursts of assistance, and allow tutees to ponder the problem in between. Tutors are trained to avoid holding a pencil, as much as possible, and to provide encouragement with a minimum of hints, enabling students to reach a solution with as much independence as possible. It is made clear to tutors and students that this method will generally facilitate the greatest learning for the students, who do not have tutors to help them during exams.
The exemplary practices of UConn's Writing Center provide a useful comparison and contrast.
Students seeking help with their writing, typically a term paper, schedule a one-on-one appointment and bring a draft for discussion with the tutor. A student might do this once or twice a semester, and the atmosphere tends to be rather relaxed, like meeting a friend in a coffee shop. Many visitors return, with the average tutee making about five visits to the Center. Some students sit in or near the Center, work on assignments, and request help as needed. Sometimes tutors encourage students to form study groups, and when a large number of students arrive for the same course, the individual tutoring sessions often transform into an impromptu small recitation.
Physical Locations & Learning Commons
As the Center grew, peer-tutoring happened in a variety of shared spaces, including the director's office, a small classroom, and after hours in a dining hall. Locating dedicated space in a large university with many competing demands was extremely difficult, so the Center made do with what was available. But then opportunity knocked.
Like its peers, the UConn library observed a rapidly diminishing demand for its onsite services.
As print reference materials and journals moved online, the library faced a surplus of space but a shortage of patrons. In an effort to attract more students, the librarians created a Learning
Commons on a floor formerly occupied by printed journals and reference materials. Ideally students would find the new space inviting for study alongside academic resources.
The recently-renamed Homer Commons now houses a large number of workstations and small "studios" for group work, as well as centers to help students with Q and W subjects, foreign languages, and computer issues. The Q Center began moving into the Commons in were no physical walls in the assigned area, the Center could grow somewhat as tutoring volume increased. This was mutually beneficial because the visitors for Q tutoring, the "anchor" for the learning commons, give a large boost to the library's headcount. A map and more details on Homer
Commons is available at: http://homercommons.uconn.edu/.
The Center's furniture supports its model of tutoring. Although some of the tables are of normal height, most are at a comfortable height for people to stand around. The task chairs that surround the tables have adjustable heights within a range from low to high. This makes it easier for the tutors to move around between the students whom they are assisting without the extra burden of sitting down and standing up or the strain of bending over students sitting at lower desks. All of the tables are small and move easily in contrast to most of the older, massive tables common in the library.
In the early years, the layout of tables defined the Center's space, and some people preferred a more flowing floor plan between different areas in the Commons. A significant number of students started arriving for tutoring help without signing in; this was problematic both for the accuracy of assessment and for providing correct numbers to the upper administration for justifying budget requests. Consequently, the Center's borders are defined by retractable tape barriers of the sort used to regulate queues. When the tutoring center is closed, the tape is retracted so that students may use the space freely for other purposes.
Workshops for Students
Different models for workshops aimed at students in Q courses were tried over the years, but attendance was generally poor. Students appear very fond of the individualized, on-demand attention they get from peer tutors and far less interested in sessions scheduled at particular times, which may strike them as similar to regular classes. However, the Center runs many successful workshops, given by a GA or instructor with a strong reputation, right before an exam.
IT infrastructure
As the Center grew so did the need to create IT solutions to help manage and assess center operations. GA Marc Corluy, hired in Fall 2006 to do extensive work on the public website, dramatically improved the reliability and flexibility of its infrastructure. Stylistic considerations are now relegated to one file in which one simple change modifies all of the pages on the site.
Information that needs to appear in multiple places is stored in a MySQL database; as information changes, it only needs to be updated in one place, eliminating the common problem of conflicting information on different pages within one website.
Over several years, Marc and his successor, John Baber, created a number of tools that improved the quality of the public website including:
• various displays of tutor availability and expertise;
• the "tutoring by topic" function, which allows students to see the availability of tutoring on specific topics, e.g., "optics" is a topic within physics that few tutors know well; students looking for help on optics can filter the tutoring schedule by this topic; and
• lists of all Q courses, organized in various ways (e.g., by department), and notations as to whether tutoring is available "always", "never", or "sometimes" (when knowledgeable tutors are on duty and the center is not too busy).
The public site also includes an FAQ page, links to online resources, and a list of private tutors for hire.
However, the lion's share of improvements, created to streamline the Center's administrative and data gathering procedures, are housed on a private, secure section of the website only available to Q Center administrators. The online features that make it possible to run such a large tutoring operation with only a part-time program assistant include the following.
• A timecard system for tutors, who log in at the start of and log out at the end of their shifts.
The online system replaced an error prone and labor-intensive paper system. All calculations are done through web-programming, reducing the human operations until the unavoidable manual transfer of data into arcane university systems.
Corollaries of the above system include specific tools to track tutor absences, to track number of hours worked by a specific tutor within the academic year (primarily to manage work-study limitations), and to compare the average number of tutor-hours per week across different semesters.
• Tools for tutors to input their availability and for Center administrators to easily create a balanced schedule, covering all core subject areas with sufficient tutors to meet expected demand. Previously, creating this schedule by hand used to take a week, now it only takes a couple of days.
• Tools to track and analyze tutor evaluations and the number of visits, described in Section 5.
3 Staffing, Hiring, and Training
In a center of this size, the bulk of Q Center tutoring is done by undergraduates, while the administrators spend a good deal of time hiring, training, and evaluating workers.
Hiring & Recruitment
Students interested in becoming peer tutors complete an online application asking them to submit an (unofficial) transcript, some basic personal information, details of any previous tutoring experience, a list of courses they feel comfortable tutoring, and the name and email of a faculty reference. Tutors are required to have a minimum GPA of 3.4 overall and 3.5 in Q subjects. The application is available at http://qcenter.uconn.edu/apply-to-be-a-q-center-tutor/.
Directors call in for an interview those students with strong transcripts in areas of current need to assess their interpersonal skills and their ability to explain something technical. The interview is typically conducted by the associate director or an experienced GA. All of these filters are useful in maintaining a high level of quality among the tutors.
In the first few years, the directors asked faculty in Q disciplines to recommend that their best students consider applying to work as a Q Center tutor. Once the Q Center developed a reputation as a good place to work, word-of-mouth became the most effective recruitment tool. Retention levels are high, though some tutors are lost to other desirable positions such as ones involving research.
Good GAs are retained as many semesters as possible, but typically there are openings to fill each spring semester for the following academic year. Positions are filled through an open search but also in consultation with liaisons in each of the four most important Q departments, Mathematics, Chemistry, Physics, and Statistics, who help identify good candidates. All GA applicants provide a resumé and transcript and are interviewed by the directors.
Tutor training programs
To provide a more intensive training program than just occasional workshops, the associate directors created and regularly teach a 1-unit interdisciplinary course "Methods of Q Tutoring."
All tutors who complete this course receive a salary raise of $1/hour. Participants read and discuss literature about effective tutoring and engage in a variety of activities such as role-playing. In more recent years the tutors have made training videos on models of good and poor tutoring practices and explanations of particularly tricky Q topics that frequently arise.
In addition, a number of training sessions, open to all current tutors, are offered including workshops on specific content areas which need the most review such as infinite series, combinatorics and discrete probability, and Gaussian elimination. The instructors aim to give the tutors some perspective on the material, not just to explain it at the level they will tutor. For example, the workshop on probability covers multiple ways of solving problems, some based more on elementary counting, others on leveraging probabilistic insights.
Community Interactions
Although peer tutoring provides the most common form of interaction between the Q Center and the UConn community, there are other interactions as well.
Work with Faculty
While the Q Center's mission includes working with instructors in Q disciplines, the demands of coordinating the peer-tutoring program leaves the directors little time to work systematically in this direction. Also, there has been little overt demand from Q instructors for this service.
Such interactions have so far been mostly one-on-one meetings with a few faculty regarding specific requests, along with occasional one-off lectures on topics such as how to use clickers. Occasionally opportunities arise for giving feedback to departments about particular courses such as when the Center experienced unexpected surges in student demand or tutoring staff reported some coursespecific issue.
Relationship with other tutoring resources
Although the remarkable increase in volume of visits showed that there was a very large latent demand for tutoring in Q subjects when the Q Center was founded, there were already some tutoring resources on campus. Q departments tended to have small tutoring centers, staffed by some of their TAs, which handled a much smaller volume of traffic, less than 10% of the Q Center's steady-state. Possible reasons why the Q Center is so much more successful at attracting students and repeat customers include the following.
• The Q Center is spacious and conveniently located in the heart of campus, whereas departmental tutoring is often housed in small rooms which quickly become overcrowded.
• The Q Center's extensive number of open hours (including late into the evening) and drop-in availability have wide appeal unlike departmental tutoring which is largely limited to daytime hours.
• Departmental tutors are recruited from the same pool of TAs as those teaching recitations and are brought into their departments based on their research potential rather than teaching excellence. Students may already be unsatisfied with explanations provided by their TAs and appreciate the perspective of a fellow student, one whose struggles with particular topics are fresher and likely more substantial.
• The budget for departmental tutoring is usually a much lower priority than other needs of the departments such as research.
The key difference between departmental and Q Center tutoring is one of mission: at a public research institution, with high aspirations, research and grants are weighted most strongly in the evaluation of departments and faculty. This affects everything from budgetary priorities to hiring and graduate admissions. Consequently, teaching is not particularly important or rewarded beyond a certain minimum standard.
By contrast, funding for the Q Center comes from a separate budgetary stream, one designated to support student learning in undergraduate education. For the Q Center, the important metrics are the numbers of students served and the quality of those services, for which the IT infrastructure provides excellent data. As such, the Center has generally been able to get funding to meet the latent demand and to prioritize the quality of learning. This mission was essential to the Center's rapid growth.
Networking, Reputation, and Esprit de Corps
The intangible aspects of leadership should also be mentioned. In the early years, the director worked to develop strong ties with Q departments and with the wide variety of other units that provide support for teaching and learning throughout the University. The time and energy put into building those relationships often paid off when an informal conversation could lead to a significant synergy later on. The development of the Center's reputation over time was made clear by a conversation with an advisor from UConn's Academic Center for Exploratory Students, which handles advising for students who have yet to pick a major. In the first couple of years, when talking to students who came in with low Q placement, she would say, "I'm not sure, but you might want to try going to the Q Center for tutoring." A couple of years later she would say unequivocally, "Go to the Q Center!"
The Q Center endeavors to create a community of teachers and learners at every level. Listening to tutors and ensuring their efforts are acknowledged and appreciated is important to getting their best efforts. The importance of treating everyone with respect is a lesson regularly communicated to tutors and GAs. Occasional breaches of respect, sometimes detailed by student complaints, are highlighted in various tutor training meetings to good effect. The esprit de corps among Q tutors is clear from their interactions with the directors and each other. They are quick to point out issues that they see and suggest solutions for any problems that come up.
Assessment Data Gathering & Analysis
In order to assess the Center's work, the directors gather significant amounts of data regarding students served and the quality of tutoring. Initially, visitors signed in on sheets of paper, but the data entry and analysis was time-consuming and only available for time periods significantly in the past. As introduced in Subsection 2, the IT infrastructure includes an online sign-in system which allows the tracking of individual students who visit the Center. In addition to quantitative data, qualitative data, in the form of student comments solicited through the online system, proves quite informative. The qualitative data may be categorized broadly into positive comments (sometimes praising a particular tutor), negative comments, and the number of requests for more tutors, as in the 
Evaluation & Management
Besides quantitative measures, the directors receive weekly feedback from the GA supervisors about how things are going in the Center. GAs meet regularly as a group with the directors and program assistant to discuss recent issues and possible solutions. Problems with individual tutors sometimes require a director's intervention. Issues with courses or homework sometimes call for a delicate discussion with a professor teaching a course. Data culled for specific courses using the online tools provides objective feedback for discussions with TAs or faculty from that discipline. A large increase in the volume of visitors for a particular course often points to a change in textbook, of professor, or a move to online homework.
Since the database can be queried in real time, directors can see the current state of tutoring such as the list of visitors (by their NetID's) and tutors who are signed in. When the Center unexpectedly receives higher tutee volume than it can handle, a director can send a general announcement to tutors asking for additional help from those willing to take on an extra shift.
Additional online tools include one that allows GAs to evaluate each of the tutors on their shifts and one that allows tutors to evaluate the GAs who supervise them. These evaluations take place at the end of each semester and are only seen by the directors who use them to make personnel decisions. In the aggregate, these can also indicate whether any training or intervention might be called for. Later on, the evaluations form the basis of letters of recommendation written by the directors when tutors apply to graduate schools or for jobs.
In addition to seeking qualitative comments, the evaluation requests that respondents provide numerical rankings on a five-point scale for each of the following categories: professionalism, attendance, knowledge, behavior, and attitude. Tutors and GAs receive email reminders (the first few are automatically generated) until they fill them out. The rankings for each tutor (or GA) are summarized in a table, along with all the specific comments made about that person.
Between the online database, analytic tools, and the constant communication between GAs and administrators, the directors are able to keep a good handle on day-to-day Q Center operations.
Unfortunately, the directors did not solicit an outside evaluation during the 5th or 6th year of the Center's operation. In addition to aiding the directors' long-term strategic thinking, the external validation would likely have been helpful in convincing newly appointed upper administrators of the quality of the Center's work. While, the writing center did organize an outside evaluation to good effect, at that time, it was somewhat harder to organize an outside evaluation for the Q 6 Additional Topics
Research in Q education
The directors had hoped to eventually leverage the Center as a possible lab for research in Q learning, taking advantage of the confluence of GAs from different disciplines, the large number of students taking courses that are fairly standard across the country, and the robust systems for gathering and analyzing data. It seemed likely that the directors could obtain extramural funding to support such research after meeting the hurdles of the Institutional Review Board, etc.
Unfortunately, just as it became possible to take on the project, there was a change in the upper administration and the Center was expressly forbidden to do such research (under the rationale that Undergraduate Education and Instruction should not be supporting research). A couple of years later, that decision was reversed after another change in the upper administration. But at the time of the initial mandate, directors were left to redirect all of their research efforts solely into disciplinary work within mathematics.
Split positions
The Q directors' positions are split 50-50 between an administrative role in the Center and a tenure-track faculty role in the department. This split has a number of advantages. Faculty can talk as peers with faculty from other departments, and they can exert some influence to improve the teaching structures within their departments based on their experience with the Center.
On the other hand, the split positions have led to serious evaluation issues for the faculty in these roles. In theory, the directors should be evaluated half on their administrative skills and the success of the Center and half on the usual mix of research, grants, teaching, and service (which at UConn is weighted much more heavily towards the first two). But, in practice, Q Center directors are held to the same standards for PTRM (Promotion, Tenure, Retention, & Merit) as faculty who serve full-time in the department. The associated course release (1 course per semester) directors receive is typically far less time and effort than the amount needed to keep the Center running smoothly.
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